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Abstract

We are carrying out experiments and computations in a model gas turbine disk cavity with the
objective of understanding the turbulent flow field, ingestion of the mainstream gas into the
cavity, and heat transfer.  The experimental rig features a rotor-stator configuration which is
simpler than in actual gas turbines but retains the important features of vanes on the stator disk,
blades on the rotor disk, and realistic rim seals.  Mainstream and secondary (cooling) air are
provided at various flow rates to the rotor-stator system by separate blowers.

Thus far, the following results have been obtained:

! measured convective heat transfer coefficient and cooling effectiveness distributions on 
the rotor disk surface at various conditions with and without ingestion of mainstream air; 
the thermochromic liquid crystal technique has been used along with RTDs embedded 
in the rotor disk.

! measured circumferential static pressure distribution in the disk cavity (at the stator disk) 
and in the mainstream (at the outer shroud) at two axial locations between the stator 
vanes and rotor blades; a differential pressure transducer/scanivalve arrangement has been 
used.

! preliminary maps of instantaneous fluid velocity at several planar slices of the disk cavity;
            particle image velocimetry has been used.

! two-dimensional axisymmetric and three-dimensional calculations of the flowfield and 
heat transfer in the disk cavity (including the rotor disk surface) and the mainstream; the 
FLUENT/UNS code has been used.
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The usefulness of the preceding results to the development of advanced gas turbine systems for



power generation is as follows:

! they provide the turbine designers with quantitative information on heat transfer 
coefficient and cooling effectiveness distributions on the rotor disk surface in a cavity 
configuration which incorporates many of the important features of industrial gas 
turbines.

! they provide information on conditions which lead to the ingestion of mainstream gas 
into the disk cavity in presence of realistic rim seals.

! they provide information on the instantaneous velocity field in the disk cavity.

! they provide information on the two-dimensional axisymmetric and three-dimensional 
simulation capabilities of the commercial CFD code FLUENT/UNS.

At the present time, we are collaborating with:

! AlliedSignal Engines, Phoenix, Arizona - in both experiments and computations.

! Solar Turbines, San Diego, California - primarily, discussion of experiments and analyses 
conducted by us and by Solar Turbines at their facility.

! Institut für Thermische Strömungsmaschinen, Universität Karlsruhe, Germany - one 
graduate student from this institute has recently completed his Dipl. Ing. Thesis research 
in our laboratory.

During the third year of this project, we plan to:

! complete the flow pattern visualization experiments using particle image velocimetry.

! perform mainstream gas ingestion study via CO  (tracer gas) concentration measurement.2

! continue three-dimensional flow and heat transfer computations using FLUENT/UNS.
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